In a scenario where there is a huge amount of available data sources, the Semantic Web has played a key role in sharing, retrieval, selection, and combination of data organized in various formats. The storage and retrieval of medical images manipulated by systems that support breast cancer detection can take great advantage from the use of such technology. In this paper we present a comprehensive study on ontology-based systems that support the manipulation of medical images related to breast cancer, identifying the main features of each approach.
INTRODUCTION
Breast cancer is the second most common type of cancer in the world and -except for skin cancer -it is the most common type among women. Although breast cancer affects both men and women, on average, the parcel of affected men is limited to 1% of the total number of cases. According to the American Cancer Society [10] , in 2014 about 40,000 women will die from breast cancer in the United States. One of the main factors that increase the number of deaths is the late diagnosis, i.e., upon detection, cancer is in already advanced stages and treatment is ineffective.
While mammography and ultrasonography are the most used exams in the diagnosis of this pathology, the first one is far more effective for detecting breast cancer in woman after menopause. Although breast ultrasound is good at distinguishing between a fluid-filled cyst and a solid mass, it cannot provide images of the entire breast at once. Therefore, ultrasonography is used for a punctual check of areas that a screening mammogram has already revealed. Moreover, it cannot show microcalcifications (the most common feature of tissue about tumor [10] .
Nevertheless, researches shows that exposure to radiation can increase up to five times the chances of young women with a mutation in the BRCA1 and BRCA2 genes developing the disease [2] , [26] . Moreover, although mammography is currently regarded as the "gold standard'" technology for the diagnosis of breast cancer, the performance of this procedure is not always good for young women, due to the difficulty of imaging dense breast [5] Consequently, despite the comparative success of mammography, there is a need for more researches to increase sensitivity of breast cancer detection, especially in younger women [23] .
According to INCA (the Brazilian Cancer Institute) [23] other issue that increases the number of deaths is related to false negative results due to poor interpretation of medical images. The organization mentioned that around 60% of the exams, coming from both public health system or private clinics, present problems that defy the interpretation of medical images.
The interpretation of a medical image involves the identification of the image area, existence of abnormality or lesions, etc. Each medical image contains extensive information about anatomy and abnormal structures. Moreover, the person that examines it must know how the prospected diseases develop. For example, researchers may want to indicate where in certain areas of interest abnormalities are present. This information is often considered "image meta data'", and includes image comments, interpretations, and conclusions. Once abnormalities are identified, a diagnosis may be issued. Many works [36] , [8] , [20] and [9] perform their classifications according to BIRADS (Breast Imaging Reporting and Data System) classification, elaborated by ACR (American College of Radiology).
Thus, emerges the need for the use of computational tools that can describe singular characteristics of existing abnormalities, allowing the cataloging of these images according to its pathological type. Furthermore, it is necessary to use large amounts of information (database, record the patient data) and the manipulation of this information (such as images and data recoveries) in order to classify a new case based on a possible diagnostic that occurred previously with other patients.
Semantic Web is a web extension that adds semantic or "meaning"' to the current format of data representation. Hence, Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. SBSI 2016, May 17-20, 2016 , Florianópolis, Santa Catarina, Brazil. Copyright SBC 2016. . the use of Semantic Web technologies may play a fundamental role in the organization and manipulation of very large knowledge bases. In such scope, several technologies were proposed, such as the use of ontology aiming to assign semantics, i.e., specific meaning to the content of documents, acting as a knowledge representation tool [30] .
In the medical domain, ontology-based systems may be used to support healthcare professionals in several ways, by helping them to store, manage, and retrieve information as well as to do interpretation and annotation (i.e. to emphasize the region of interest, making pertinent descriptions for these locations) on medical images. For example, a professional that wants to classify a new image based on their semantic description can retrieve some similar case in a database and establish a relationship between both studied and retrieval cases. This paper presents a study about ontology-based systems that support the manipulation of medical images related to breast cancer. By highlighting the benefits brought by the use of ontologies to this application domain, we intend to discuss how Semantic Web technologies can be integrated into ontolgybased systems to support the prospection, diagnosis and treatment of breast cancer. This study is part of the VisualLab Project [44], a project from Fluminense Federal University that seeks to diagnose breast diseases based on thermogram images.
Thus, we present a review about the literature on related works, in which we do not compare the ontologies themselves, but we rather promote a comprehensive study of the systems where this technology is applied, identifying the main features of each approach. This paper is organized as follows: next section considers the medical ontology in general. Section 3 presents an overview of systems, frameworks, and tools that use ontology as basis. Our discussion and conclusion are in the Sections 4 and 5.
ONTOLOGIES IN THE MEDICAL FIELD
The advances of the computer technology brought an accumulation of medical information for diagnostic and health treatment purposes. Consequently, large amounts of medical information must be stored and managed on information systems. Data types are diverse ranging from patients' names, age, and sex up to descriptions of certain diagnostic reports to complete medical cases that can be acquired in for long periods of time. Moreover, medical information is not limited to text documents. Advances in imaging technology have dramatically increased the amount of medical image generated daily by hospitals, clinics, pharmaceutical companies, and academic research centers.
In this context, ontologies have become a powerful computational tool to manage the huge amount of information stored in databases or available on the Internet. Ontologies are computational artifacts designed to provide representations of a domain of interest [30] , providing a vocabulary for representing the knowledge and for describing specific situations in such domain. The main benefits of this sort of model are (a) enabling the reuse of models, (b) enabling the sharing of common knowledge among several applications [45] and (c) allowing the use of formal analysis of the domain knowledge, such as performing reasoning to provide diagnosis [34] .
Ontologies bring the necessary standardization in the medical domain, offering a range of options to record observations and events encountered by medical professionals [37] . Ontologies can also be used to describe a medical image at different levels of detail. They can describe simple information such as date, type of capture or even more complex information, allowing inferences about diseases, supporting diagnostic tools.
Several ontologies were made for the medical domain like: Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT [38] , Gene Ontology (GO) [40] , Foundational Model of Anatomy (FMA) [32] , BreastCancerOnto [42] [7] , Breast Cancer Imaging Ontology (BCIO) [42] [7] , Unified Medical Language System (UMLS) [4] and others. Some of them will be discussed ahead, in the scope of this work.
LITERATURE REVIEW
Several ontologies have been developed in order to structure the knowledge in the medical domain, particularly in the medical imaging field. Many of them have became a widely used in different works. In a literature review we found several systems that use ontologies as tools to assist health professionals with issues related to breast cancer such as information retrieval, searching, classification, interpretation, annotation, and others. To show the relevance of this technology to support the diagnosis of breast cancer, in the next subsections we present 6 works related to 5 different ontologies. It should be emphasized that our intention is not making a sheer comparison among those systems, but rather to highlight the peculiarities, advantages and disadvantages of each approach in its respective application.
Medical Imaging and Advanced Knowledge Technologies -MIAKT
MIAKT (Medical Imaging and Advanced Knowledge Technologies) project [14] is a joint initiative between AKT (Advanced Knowledge Technologies) and IRC, (Medical Images and Signals). MIAKT [36] provides knowledge management for the data that the screening process generates, offering a means for medical staff to investigate, annotate, and analyze such data using web applications. The application software allows the viewing and annotation of various types of images, from X-ray mammograms to 3-dimensional magnetic resonance imaging (MRI) scans, allowing the search for patient data and supporting the invocation of services on the web for image analysis and data analysis [13] .
The ontology developed in this project was called the Breast Cancer Imaging Ontology (BCIO). It was structured as a set of simple subsumption relationships to aid in both reusability and reasoning. This ontology is based on a standardized BIRADS lexicon and covers both exams (mammography and MRI). Another part of BCIO is the set of terms related to medical tests, such as radiological findings, medical exams, medicaldescriptor. It also captures images metadata, for instance, registering whether an X-ray is of the left (L) or right (R) breast, and from Cranio Caudal (CC) or Medium Lateral Oblique View (MLO) position; information of vital importance in locating lesions of tumors [14] .
One of the MIAKT functionalities is to classify a cancer as malignant or benign. For this purpose, it is applies classifiers like Naive Bayes and Linear classifier. All the classifiers give correct classification in 75% of the cases. The authors of [13] emphasize that classification accuracy is limited by the data source and they are investigating more fully-annotated patient cases for achieving better classifications. Nevertheless, the system has a good performance in other tasks proposed.
Aquest
Aquest proposes an education oriented ontology-based system to assist students in the interpretation of mammograms and diagnosis of breast cancer [3] . It implements a question and answer web service that answers questions such as, "how to Aquest is based on the BreastCancerOnto, an ontology that represents the medical knowledge about radiological findings on mammograms. The application domain involves the interpretation and analysis of mammograms to aid the diagnosis of breast cancer, for educational purposes. The creation of BrestCancerOnto consisted in five steps, according to [42] determination of application domain, construction of the lexicon; mapping and lexicon-ontology; construction of ontology; and finally the implementation of the ontology. Aquest is a module of the next system presented here, called INDIAM [19] , built to make a consultation in BreastCancerOnto and integrated to a breast cancer tutorial that allows users to access the Internet to obtain more information on the topic being researched.
Interpretation and Diagnosis of Mammograms -INDIAM
INDIAM [19] , is an interpretation and diagnosis system, developed to train students for interpretation of mammograms. The proposed system is composed of four principal modules: Search web service, Aquest web service, Diagnosis-Tutor web service, and Diagnosis-Simulation web service interface. INDIAM is integrated with an Indexed Atlas of Digital Mammograms (AMDI), which is an atlas available via Web that also includes a research system to retrieve images based on content and a tool for inserting new mammographic cases by registered radiologists.
The Search web service finds the semantics of the term entered by the user in the BrestCancerOnto ontology and submits a query with a better defined semantics for the Google and Yahoo services. This service ensures more robust queries, less subject to false positive. The Diagnosis-Simulation module was created to guide doctors, students, and researchers to relate the existing knowledge on the breast cancer field, such as analysis and diagnosis of breast cancer using cases retrieved from a mammographic database.
The Diagnosis-Tutor module consists in a web service to train students for interpretation of mammograms. The information of each case stored in the mammographic database includes radiological findings, clinical history, lifestyle of patient, and complementary exams. It is important to highlight that INDIAM system also uses the BreastCancerOnto (used in Aquest) for representing information content in X-ray image about radiological findings and classifies them according to BIRADS categories.
Mammography Annotation Tool -MAT
Bulu at al, [8] presented a new Mammography Annotation Tool (MAT) and ontology-based annotation and retrieval system for breast masses with description of high and mid-level features. This system consists to allows that a radiologist get access a mammography image and from its visualization can make annotation about existing abnormalities in images. All parts of the annotation are stored in an RDF file as concept instances.
Then, SQWRL (Semantic
Mammography Annotation Ontology (MAO) is developed in [8] as well. MAO is based on the 3rd edition of BIRADS Mammography Atlas (American College of Radiology, 2012). This ontology was used to annotate any abnormality observed in mammograms. The tool MAT allows radiologists to examine the four images of a mammogram: CC and MLO projection of the right and left breasts, respectively. The radiologists mark and annotate the abnormalities identified in the images by using a variety of tools and can also add the breast type [8] . Image search, i.e., the recovery of similar cases in the database, is performed based on the proximity between the characteristics (mass) found in the views of mammograms. The author emphasizes that time performance of this system is too high when used in large mass collection. As the number of instance is increased, it affects the execution time of SQWRL. Image search, i.e., the recovery of similar cases in the database, is performed based on the proximity between the characteristics (mass) found in the views of mammograms. The Figure 1 shows some results obtained for queries. The author emphasizes that system time performance is too high when used in large mass collection. As the number of instance is increased, it affects the execution time of SQWRL.
Ontology-Based Framework for Semantic Information Retrieval -OBFSIR
In [15] is showed an ontology-based framework for semantic information retrieval, which highlights the existent difference between keyword-based information retrieval system and semantic information retrieval. The first one uses a keyword lists to represent the content of document. This type of keyword list is a description that does not say anything about semantic relationships between keywords. That complicates searches for similar words (synonyms).
The main hypothesis of [15] is that the inclusion of conceptual knowledge in information retrieval process can contribute for the use of knowledge from a domain specific ontology to obtain better and more exact answers on a semantic basis, i.e. to compare concepts rather than words, that is, according to the authors, the major problems in current information retrieval systems [9] , [33] - [43] .
The proposed method automatically creates semantic metadata by using ontologically enhanced versions of information extraction methods. To this, information extraction (IE) techniques can substantially support automatic metadata generation. Therefore, start metadata generation with an IE step, after that, semantic indexing step is performed. It consists in collecting terms corresponding to all the words contained in the documents, observing the frequency of words to specify the document content. Finally, a query representation is performed. It aims at reducing the gap between user intention and system interpretations of queries and documents. To evaluate the proposal, breast cancer ontology was used for comparing information recovery (IR) based on keywords and ontology. The classical IR system, which is based on keywords, presents two problems: Noise (non pertinent documents returned in search results which contain the same keywords but in other contexts) and Silence (pertinent documents not returned in search results which contain synonyms concepts to keywords).
By using ontology in the IR system, search is automatically extended to include synonyms. For example, in a search for documents on "mastectomy", an onto-logy-based system would return also documents associated with "breast removal".
A novel feature of this system is that horizontal, vertical, and hybrid fragmentation rules about underlying schema that can be declared and used, increasing system's recall and improving performance. Kondylakis et al [24] highlight that system's performance is optimized by eliminating local subqueries and avoiding joins in the result composition plan that are certain to return empty results.
Intelligent Tutoring System -ITS
Maffon et al [27] presented an Intelligent Tutoring System (ITS) applied to teaching breast anatomy and pathology, more specifically breast cancer. ITS provides a didactic help to students and health professionals to understanding explanations and practical applications needed to this domain of knowledge. The use of Artificial Intelligence techniques gives ITS a great capacity to store knowledge about the learning virtual environments. These characteristics are used, on the scope of Education, to define which strategies and tactics can be used to get the best teaching process.
ITS is composed by four modules: Student, Domain, Tutor and Interface. To associate the medical vocabulary of anatomy female breast with multimedia content was developed ONTOMAMA ontology. The Domain Module includes all the elements needed to represent the knowledge as well as a mechanism for automatic information retrieval. ONTOMAMA is composed by four parts interconnected ontomama_main.owl, ontomama_anatomy.owl, ontomama_pathology.owl and ontomama_datatype.owl, with representatives of the medical knowledge of the pathologies. To achieve the goal this system has a questionnaire to be answer about name, sex, age and a questionnaire to Learning Styles. This input is created/activated the student profile and this respective value is inserted in the Ontology by ONTOMAMA. ONTOMAMA choose the respective media of the content supplied by Domain Mo-dule. Tutor Module shows on Interface the content adapted to student profile. Validation process of ITS is in progress, but shows promise.
Nottingham Grading System -NGS
The Nottingham modification of the Scarff-Bloom-Richardson grading system, also known as the Nottingham Grading System (NGS) [17] , is a grading system recommended by various professional institutions, such as the World Health Organization (WHO), American Joint Committee on Cancer (AJCC), European Union (EU), and the Royal College of Pathologists (UK RCPath) [16] and [39] .
NGS is a system used to classify and interpret content in a histopathological image, about breast cancer. For this, a specific ontology was created to represent the features found in each image and classify them as one type of cancer. The Table 1 describes the main features used by NGS to represent knowledge in histopathological image, comprising three components. The three component of the NGS criteria are: tubule formation, mitosis count, and nuclear pleomorphism score. Each criterion is valued in three scores (1, 2, 3 being associated to the most serious case), a tumor may get maximum score of 9. Images are processed by an image analysis algorithm, which highlights the features related to biological concepts, such as nuclei, mitosis and tubules. After this process, following semantic rules, images are classified using NGS providing a second opinion to the expert.
NGS is also applied in others works [[41][28][18][12][31].
According to Meriem and Yamina [28] articulated knowledge management capabilities with low-level image analysis modules can not only improve the design of the system but increase the performance of the system, as well [28] . NGS system shows robust to breast cancer classification presenting relevant results. However, its applications are exclusive to histopathological images which prevent their use for mammograms.
Archetypes to identification and treatment process -AITP
Serna et al. [35] present a system that uses ontology and inference rules to support decision making in the identification and treatment planning of breast pathologies. Beginning with adequate examination of patient, characteristics are identified to determine the stage of cancer. In medical practice the stage of breast cancer is defined by three principles: T (size of the primary tumor), N (involvement of the lymphatic nodes), M (metastasis to others locals) and their subsets. Table 2 shows these stages.
Ontology is created to represent the domain knowledge from the features obtained previously. Based on this representation inference rules will be created to identify cancer and possible treatments. These can be presented like: "If tumor is bigger than 5 cm it is considered T3 (rule 1), if there are more than 9 nodes infected N3 (rule 2), and the results of metastasis tests are negative (rule 3). With these results the diagnostic is a surgery cancer in stage IIIC (rule4)".
When cancer is detected inference rules define which treatment is necessary, duration and drugs to take in each case. For instance, considering the previous example, three different rules can be enumerated:
R1: Recommended Drug Treatment →Tamoxifen 40mg during 2 years.
R2: LymphNodes Recommended Treatment → Radiation to supravicular and/or internal mammary lymph nodes and removed auxiliary lymph nodes.
R3: Breast Recommended Treatment → modified radical mastectomy followed by radiation and lumpectomy plus radiation following chemotherapy to shrink a large single cancer. 
N3:
Cancer has spread to more than 9 lymphatic nodes Serna et al. highlight that it is important to say that the solution will be used to help medical doctors to make a decision on diagnostic and treatment. However, the final decision will always be, of course, a human decision. Table 3 shows a summary of the main features of each of the discussed systems. From the enumerated advantages, it is possible to note the importance of the use of ontologies in different ways, such as information retrieval, searching, classification, interpretation, annotation, and others. However, we can note from the drawbacks listed, that many ontology-based systems do not satisfy the researchers ambitions with respect to the detection of breast cancer. Systems still present slow response time, limited vocabulary and classification, so that these systems are not used in practical as it should be.
Summary

Conclusion
In this work, we discuss some systems that use ontology for better manipulating information related to cancer and other breast pathologies. The importance of ontologies in this domain area is undeniable, due contributions such as (a) improving the capacity of sharing the knowledge of radiologists; (b) allowing the retrieval of similar cases in the process of organizing and storage information; (c) explicit definitions inherent in the medical field; (d) analysis of shared knowledge; and (e) enabling data reuse.
A main challenge in breast cancer treatment is to find the cancer before it presents symptoms; the earlier the cancer is detected, better chances cancer patients have for cure and treatment. The limitation of human observations is a drawback: 10-30% of the cases are missed during routine screening [11] . With the advances in systems that use ontologies, health professionals have the chance to achieve better results for their diagnosis in current cases, and prognosis of the new ones.
One benefit brought by the use of ontology is the possibility of separating the domain knowledge of the expert in question for their practical use. Thus, the professionals who develop systems do not need to be experts in the medical field, since this knowledge is already stored. The great relevance of systems using ontology has allowed the support of decision making for health professionals. Therefore, it is necessary that the information is stored in a coherent and organized way to maximize its usability.
Additionally, other benefit brought by the use of ontologies in the medicine field is the possibility of organizing and structuring medical reports [1] [21] [25] . This is useful to represent the knowledge, improving the information transmission and facilitating the search of clinical data with the standardization of the terms to fill this document. In Brazil, there is a system for allowing the creation of standardized mammography reports, the Brazilian Information System of Breast Cancer -SISMAMA -(in Portuguese, Sistema de Informação do Câncer de Mama). SISMAMA was developed by the Brazilian Cancer Institute [6] , in association with the Informatics Department of the Brazilian Health System, to support Brazilians physicians in the diagnostic control of breast cancer. That system has brought several benefits to radiologist doctors, and ontologies can be used to structure others radiological reports Moreover, it is fundamental that the proposed system be easy to understand and to manipulate by health professionals, favoring their concisely use. Obviously, systems do not seek to entirely replace physicians or radiologist, but may help in cases of doubt, making simpler decision to be made.
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